In this paper, a simulation study of the maximum power point tracking (MPPT) for a photovoltaic system using an artificial neural network is presented. Maximum power point tracking (MPPT) plays an important role in photovoltaic systems because it maximizes the power output from a PV solar system for all temperature and irradiation conditions, and therefore maximizes the power efficiency. Since the maximum power point (MPP) varies, based on the PV irradiation and temperature, appropriate algorithms must be utilized to track it in order maintain the optimal operation of the system. The software Matlab/Simulink is used to develop the model of PV solar system MPPT controller. The system simulation is elaborated by combining the models established of solar PV module and a DC/DC Boost converter. The system is studied using various irradiance shading conditions. Simulation results show that the photovoltaic simulation system tracks optimally the maximum power point even under severe disturbances conditions. Key words: Artificial Neural Network , Boost Converter Control, Matlab/Simulink, MPPT, Optimization, Solar Photovoltaic Energy
INTRODUCTION
Photovoltaic (PV) generation is becoming increasingly attractive as a renewable energy source [1] [2] . In order to overcome the ever-increasing power needs in many industrial applications such as artificial satellites, the best available solution is to use of renewable energy sources such as solar and wind. It is inexhaustible and free of pollution. It has the advantages of low running and maintenance cost and also noiseless operation.
The voltage power characteristic of a photovoltaic (PV) array is nonlinear and time varying because of the changes caused by the atmospheric conditions. As the photovoltaic (PV) cell exhibits nonlinear behavior, while interfacing the ac load to photovoltaic modules DC-DC converters and inverters are needed.
The proposed scheme here uses a boost DC/DC converter to generate a utility voltage to a constant desired value. When the solar radiation and temperature varies the output power of the PV module also changes. In order to obtain the maximum efficiency of the PV module it must operate at the maximum point of the PV characteristic [3] .
Therefore it is necessary to operate the PV module at its maximum power point for all irradiance and temperature conditions. To obtain maximum power from photovoltaic array, photovoltaic power system usually requires maximum power point tracking controller (MPPT). Figure 2 . shows the global model of the electrical circuit of a boost converter using Matlab/Simulink. The power switch is responsible to modulate the energy transfer from the input source to the load by varying the duty cycle D [6] . The classical relationship between input and output voltages of a boost converter operating at steady state condition is given by:
The method needs to calculate dP/dV periodically in order to determine the maximum power point (MPP). Though it is relatively simple to implement, it cannot track the MPP when the irradiance changes rapidly and it oscillates around the MPP instead of tracking it. The incremental conductance method can track MPP rapidly but increases the complexity of the algorithm, which employs the calculation of dI/dV. The constant voltage method which uses 76% open circuit voltage as the MPP voltage and the short-circuit current method are simple, but they do not always accurately track MPPs. Artificial intelligence (AI) based methods are increasingly used in renewable energy systems due to the flexible nature of the control offered by such techniques. The AI techniques are highly successful in nonlinear systems due to the fact that once properly trained they can interpolate and extrapolate the random data with high accuracy. The presented technique utilizes the environment information as the input to ANN.
The neural network is a powerful technique for mapping the input-output nonlinear function.
PV CELL EQUIVALENT CIRCUIT
A solar panel cell is basically a p-n semiconductor junction. When exposed to the light, a DC current is generated. The generated current varies linearly with the solar irradiance. The equivalent electrical circuit of an ideal solar cell can be treated as a current source parallel with a diode shown in figure 3. The current through diode is given by:
where: α = e 0 KT .
where: Ic : Cell current (A). Iph: Light generated current (A). Io: Reverse saturation Current. e0: Charge of electron = 1.6 x 10-19 (coulomb) K: Boltzmann constant (j/K). A: dimensionless of the solar panel. T: cell temperature (K). Rs, Rsh: cell series and shunt resistance (ohms).
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As it is crucial to operate the PV energy conversion systems at or near the maximum power point to increase the PV system efficiency, the study of the PV array characteristics became of great importance. The nonlinear nature of PV system is apparent from Fig.3 . In addition, the maximum power operating point varies with solar radiation level and PV panel temperature. Therefore the tracking control of the maximum power point is a complicated problem. Hence, the use of intelligent control techniques such as Artificial Neural Networks (ANNs) has gained great popularity to solve this problem [10] . There are many techniques to adapt the load impedance value in order to obtain the optimal solar panel output voltage [6] [7] and [8] . A general diagram is presented in Fig. 4 . which consists of an MPPT computing system and a DC/DC converter. The DC/DC converter acts as an impedance matching unit. The MPPT computing system measures the input voltage and the input current and computes the power in order to control the DC/DC converter. The storage device can be either a battery or a super capacitor [7] . 
BATTERY MATHEMATICAL MODEL
The battery model is based on a lead acid battery model Lead acid battery cells consist of two plates' .positive and negative plate. Immersed in a dilute sulfuric acid solution. The positive plate or anode is made of lead dioxide (PbO2) and the negative plate, or cathode .is made of lead (Pb).The battery model has two modes of operation: charge and discharge. The battery is in charge mode when the battery input current is positive while the discharge mode is in case of the current is negative. The terminal voltage (Vb) of the battery is given by:
where, V l , I b and R l are the battery open circuit voltage (V), battery current (A) and the internal resistance of the battery respectively . V l and R l are governed by a set of equations depending on which mode of operation the battery is in [6] .
Charge mode
The battery voltage and state of charge (SOC) during charging mode can be described using the following equation [6] :
Discharge mode
During battery discharge, the voltage V b -SOC relationship is given by:
where SOC(t) is the current state of charge, ns is the number of 2V battery cells in series and Q m is the maximum battery capacity (Wh). The SOC(t) is the ratio between the present capacity and the nominal capacity and can be estimated using the following equation [6] :
where, K b is the battery charge/discharge efficiency. The SOC(t) can be found by knowing the previous condition .Since SOC(0) = SOC(1) =initial state of charge, SOC(1) can be found. 
DESCRIPTION OF THE PROPOSED TECH-NIQUE
The MPPT strategy proposed here consists of a combination of a neural network and MPPT techniques for the implementation of the duty cycle regulator. When solar radiation changes slowly, the system controls the DC-DC converter using the P& O, and the neural network learns simultaneously the MPP found by the P& O. However if the solar radiation varies too rapidly, the neural network controller tracks the MPP rapidly and adjusts the duty cycle of the DC-DC converter. Neural networks usually require independent and identically distributed samples to ensure successful on-line learning. Here, however, similar training samples are used by the artificial neural network (ANN). To deal with these training samples, we have used an MLP [8] [9] in order to ensure fast and correct learning. The main idea is that the neural network learns each sample online because it is difficult to store all learning samples in small devices. In Figure 6 . the ANN learning technique is a memory-based one and allows estimating at any instant the required optimal duty cycle 'D'. Even with sparse data in a multidimensional measurement space, the algorithm provides smooth transitions from one estimated value of D to another. The ANN consists of an input layer (P pv = x(t)), a pattern layer, a summation layer and an output layer. The output of the ANN is the duty cycle D(x) = y(t) in the Fig. 7 .
The obtained training error of the ANN is very small and is about 10.0e − 25 as depicted in Fig. 7 .
THE OPTIMAL DUTY CYCLE DETERMINA-TION
The MPPT technique proposed differs from other techniques [3] [4] and [5] in that the duty cycle of the switching Figure 8 . depicts the three possible cases. In these cases, for the points A and B, if the power corresponding to the point B is greater than or equal to that of point A, the status is assigned a positive weighting. Otherwise, the status is assigned a negative weighting. Amongst the three measured points, if two are positively weighted, the duty cycle of the converter should be increased. On the contrary, when two are negatively weighted, the duty cycle of the converter should be decreased. In the other cases with one positive and one negative weighting, the MPP is reached or the solar radiation has changed rapidly and the duty cycle is not to be changed. These cases are discussed as follows:
Case 1: PV Operation simulation without disturbances, the solar irradiance is 1000W/m2, and temperature is 25
The simulation interval time considered is 0.1 s. And the simulation step is .0001s.
The simulation results are depicted in Figures 10-19 . At the start, the system undergoes a short transient period of about 10 ms. It can be noticed that the PV panel output voltage, current and power present a small voltage overshoot, hence better damped oscillations during this period than those obtained in [3] [4] . The MPP tracking control guarantees maximum output bus power of 220W and the duty cycle D witch the main control parameter of the DC-DC buck converter varies between 0 at the start then increases to a steady value of 0.45. Figures 13, 14 and 15 show respectively the bus voltage, the load current and the DC-DC boost converter output power which feeds a resistive load R = 6Ω.
The voltage across the inductor presents high frequency oscillations [8] due to the transfer of the energy between the load and the source during the on-off state of the MOS-FET switch (Figure 18) . which occurs at 0.028s and the second one 'd2' is a sudden step decrease of 100w/m2 which happens at 0.068s. The ANN controller adjusts the duty cycle of the dc-dc boost converter to produce maximum power to charge the battery that is shown in Fig.14 (k) . The response time of the system at the start is short about 10ms, while it is about 60ms for other systems [1] .
Case 3: Simulation with rapid step changes of solar radiance tracks the charging and discharging of the back-up battery quickly when the shading of the PV panel changes considerably [4] and quickly, and has high control precision and stability in charging and discharging from the state of charge of the battery (39). Figure 39 shows the commutation between the battery and the bus, when the PV voltage suddenly drops, a swith logic inserted an interface between the bus on one hand, used to achieve the decision for the logic switching between the PV output bus and the battery. The MAT-LAB/Simulink software has been used for the simulation of the power and control circuits. This improved MPPT algorithm extracts the maximum power point from the PV panel module corresponding with a load resistance in terms of solar radiation and ambient temperature which in order to minimize the controlled error, has been utilized for online estimation of the reference voltage in the feedforward loop. The simulated results using the on-line training of the ANN show that the efficiency of the MPPT and the effectiveness of this control method are higher than the classical ones [5] [6] [7] [8] [9] . This strategy has several advantages, particularly in that there is no need for voltage and cur- 
